Adriamycin (ADR) is a drug with relatively selective cardiotoxicity . The present study was designed to investigate its distribution into heart subcellular components and correlate such distribution with proposed loci of cardiotoxicity. Uptake of r3H]ADR by mouse ventricular slices was linear for 30 min and plateaued thereafter. The uptake was temperature dependent, being linear from 0" to 45°C. Uptake was also linear over an ADR concentration range of 0.59-8.85 x M and increased with wet weight of tissue (25-1 10 mg). Preincubation with metabolic inhibitors ( lop4 M ; iodoacetamide and 2,4dinitrophenol) or 100% N, failed to affect uptake. Subcellular distribution studies demonstrated preferential localization in nuclei, mitochondria, microsome, and soluble fractions (dpm/kg protein) in diminishing order, respectively. Therefore, the uptake of ADR by mouse ventricular slices does not involve an energy-dependent transport process and its subcellular localization corresponds with proposed loci of cardiotoxicity . Key Words: Adriamycin-Cardiotoxicity-Ventricle slices-Subcellular localization.
accumulation, and subcellular distribution of [3H]ADR by incubated :slices of mouse ventricles. Similarly designed studies have been reported previously in studying the uptake of digoxin by renal cortex slices (Wernke and Cacini, 1990) .
MATERIALS AND METHODS
Adult male Swiss-Webster mice were obtained from the Simonsen Company (Gilroy, CA, U.S.A.) and housed in approved facilities. They were allowed water and food ad libitum. Several days after equilibration to the housing environment, the mice were decapitated, the hearts were removed, and the ventricles were dissected free of extraneous tissues at 4°C. Ventricular tissue was chosen since it is known to be a principal site of ADR-induced cardiomyopathy (Tomlinson et al., 1985; Lee et al., 1987; Shaddy and Bullock, 1993) . Slices (200 pm) were cut with a Stadie-Riggs microtome and -80 mg wet weight of tissue placed in incubation vessels containing I .75 ml of pre-gassed (95% 0, + 5% CO,) Earl's balanced salt solution. Heart slices were incubated with 2.2 x l o p 4 M [3K]ADR (specific activity, 5.3 x lo3 becquerels/pmol; Farmitalia, Milan, Italy) for 30 min at 37°C under an atmosphere of 95% 0, and 5% CO, while shaking at -100 oscillations/ min.
Following incubation, heart slices were removed, filtered through cheese cloth, washed three times with 10 ml of ice-cold saline, and subsequently solubilized in 1 ml of Protosol (New England Nuclear) at 60°C (overnight) and assayed for radioactivity in 15 ml of a toluene-based scintillation cocktail (Biofluor; New England Nuclear). Counting efficiency was determined with the addition of a [3H]toluene internal standard.
Metabolic inhibitor studies were carried out by preincubating heart slices with either solium cyanide, iodoacetamide, or 2,4-dinitrophenol at M for 15 min prior to [3H]ADR exposure. It has been reported that only 5 min of exposure to metabolic inhibitors such as these is required to reduce cellular ATP content to less than one-fifth of control value (Yamazaki et al., 1993) . When anaerobic conditions were used, an atmosphere of 100% N, was maintained throughout the incubation period.
For subcellular distribution studies, tissue slices were incubated for 30 min under aerobic conditions as just described. Following incubation, tissue was filtered and washed three times with ice-cold saline. The remaining tissue was homogenized for 30 s in 1.15% KCI with a Polytron at a power setting of 5.5. Aliquots of the homogenate were removed for measurement of radioactivity and protein content (Lowry et al., 1951) . The remaining homogenate was Centrifuged at 600 g for 10 min at 4°C for collection of the "nuclear" fraction. The supernatant was centrifuged at 10,000 g for 20 min at 4°C for collection of the "mitochiondrial" fraction. The remaining supernatant was centrifuged at 102,000 g for 60 min at 4°C to obtain the "microsomal" fraction. In each case, pellets were resuspended, recentrifuged, and the corresponding fractions combined. Homogenates and pellets were solubilized in 1 N NaoH by heating at 50°C for 3-4 h. Radioactivity was determined using liquid scintillation spectrometry. Figure 1 shows the effect of incubation time on the in vitro uptake of [3H]ADR by mouse ventricular slices. Uptake (dpm/100 mg wet wt) equilibrated by -30 min and remained constant for an additional 30 min thereafter; 30 min of incubation was chosen for subsequent experiments.
M . A . HOLLINGER AND S . N . GlRI

RESULTS
The effect of [3H]ADR concentration on uptake is shown in Fig. 2 . Over the concentration range studied (-0.5-8. 85 x M), uptake was liner ( r = 0.989) and nonsaturable. A concentration of -2.2 x M was chosen for subsequent experiments.
M [3H]ADR over 30 min into ventricular slices is shown in Fig. 3 . Uptake was found to be temperature dependent between 0" and 45°C. Uptake occurred at 0°C and no deleterious effect was noted at the supraphysiological temperature of 40°C. The incubation temperature routinely used during the course of these studies was 371/2"c.
The effect of tissue weight on [3H]ADR uptake in vitro is shown in Fig. 4 . Uptake increased as tissue wet weight increased between 25 and 160 mg; 80 mg was chosen as the routine tissue wet weight used throughout these studies.
The effect of metabolic inhibitors and anaerobic conditions on [3H]ADR uptake by ventricular slices is shown in Fig. 5 . Preincubation of slices with metabolic inhibitors ( lop4 M) iodoacetamide and 2,4-dinitrophenol failed to affect [3H]ADR uptake while NaCN produced only a 19% reduction. An anaerobic (100% N2) environment had no effect on uptake. In no case was there a statistically significant effect. Table 1 presents data on the subcellular distribution of [3H]ADR in mouse heart ventricles following 30 min of incubation in vitro. Recovery of radioactivity was 83%. The 600 g pellet ("nuclear" fraction) contained by far the highest percent of total radioactivity present in the homogenate (67%), followed by the soluble fraction (8.4%) and the mitochondria1 faction (6.5%). The microsomal faction con-
The effect of incubation temperature on the in vitro uptake of 2.2 X 
DISCUSSION
The results of the present study indicate that mouse heart ventricular slices concentrate [3H]ADR, in vitro, in a time-and concentration-dependent manner. This uptake is not energy or sulfhydryl-group dependent since 2,4-dinitrophenol (Yamamoto et al., 1993) and iodoacetamide (Middleton, 1990; Villalba et al., 1993; Gargari et al., 1994) , respectively, were without effect. These uptake characteristics are similar to the in vitro concentration of a macrolide antibiotic, dirithromycin, by human neutrophils, which is also not impaired by metabolic inhibitors (Mtairig et al., 1994) . Therefore, the in vitro uptake of [3H]ADR by mouse ventricular slices does not appear to depend upon an energy-dependent active transport system.
Following uptake of [3H]ADR by mouse ventricular slices in vitro, radioactivity accumulates to the highest degree in the nuclear fraction. This localization is consistent with results obtained using confocal laser scanning microscopy in rat C6 and human T98G glioma cell lines (Kabuto et al., 1994) , flow cytometry and confocal microscopy in human transformed fibroblasts (Smith et al., 1992) , ADRbinding assay in human osteosarcoma cells (Baldini et al., 1992) , and fluorescence microscopy in a human leukemia cell line (K562/ADM) (Takeda et al., 1991) . Furthermore, our results support the suggestion that ADR's cardiotoxicity is the result of inhibition of deoxyribonucleic acid (DNA) synthesis (Fry et al., 1985) and/or messenger ribonucleic acid (Papoian and Lewis, 1990) via the formation of free radicals (Monti et al., 1995) , inhibition of topoisomerase 11, and/or intercalating DNA base pairs (Barabas et al., 1992) .
In addition to mediation of cardiotoxicity via nuclear damage, heart mitochondria have also been reported to undergo damage from ADR. For example, ADR has been reported to increase heart mitochondria1 membrane permeability (Sokolove et al., 1993; Sokolove, 1994) , membrane damage (Praet and Ruyss- chaert, 1993), calcium homeostasis (Sokolove and Shinaberry, 1988; Solem et al., 1994) , and energetics (Piwnica-Worms et al., 1993) possibly by enhancing hydroxyl radical formation (Ogura et al., 1991) . Therefore, the fact that the specific activity of [3H]ADR in the heart mitochondrial fraction is second to the nuclear fraction (27.5 vs 55.6 dpm/kg protein, respectively) is not surprising. In summary, the results of the present study indicate that the in vitro uptake of [3H]ADR by mouse ventricular slices is not an energy-dependent process based upon active transport. Rather, ADR uptake can occur even under nonphysiological conditions of temperature (00 and 45°C) and atmosphere (100% N) with subcellular localization consistent with proposed loci of cellular toxicity.
